Abstract. In order to confirm the inverse correlation between secretory leucocyte protease inhibitor (SLPI) expression, and human papillomavirus (HPV) infection previously observed in head and neck squamous-cell carcinoma, the present study retrospectively investigated the association between SLPI and Annexin A2 (AnxA2) expression, and HPV status in non-neoplastic chronic tonsillitis (n=118), and tonsillar hyperplasia (n=96) tissue. We hypothesised that smoking induces the upregulation of SLPI, resulting in reduced binding of HPV to AnxA2, a known modulator of HPV entry into the cell. SLPI and cyclin-dependent kinase inhibitor 2A (p16   INK4A   ) protein expression was measured using immunohistochemistry in 214 specimens; SLPI and AnxA2 gene expression was measured using reverse transcription-quantitative polymerase chain reaction in 213 cases; and DNA was isolated from all the specimens to determine HPV status. The association between the results of the aforementioned analyses and the smoking habits of patients was analysed. The samples were INK4A expression demonstrated moderate and strong staining in 38, and 0 cases, respectively. SLPI expression presented negative, weak and moderate signals in 163, 45, and 6 cases, respectively. A positive correlation was identified between smoking and SLPI (P= 0.0001). Gene expression analysis (n=213) revealed that smoking (n=48) resulted in a significant increase in SLPI and AnxA2 expression. A significant positive correlation between AnxA2 and SLPI, indicating a surplus of AnxA2 in relation to SLPI, was exclusively identified in non-smokers. The data demonstrated that smoking results in increased SLPI and AnxA2 expression also in non-neoplastic tonsillar tissue. The observed surplus of AnxA2 in relation to SLPI identified exclusively in the tonsillar tissue of non-smokers indicates a higher possibility of a successful HPV infection of the tonsillar tissue of non-smokers, given the properties of AnxA2 to function as an infection modulator.
Introduction
In head and neck cancer (HNSCC) and specifically in tonsillar squamous cell carcinoma (TSCC) the mode of infection with human papillomaviruses (HPV) seems to be significantly influenced by the expression levels of two genes and their proteins, the quantitative association of which is dependent on the smoking habit of the patients. As shown previously (1) (2) (3) , both the secretory leucocyte protease inhibitor (SLPI; an antiproteinase) and the membrane bound receptor Annexin A2 (AnxA2) showed higher expression levels in smokers in comparison to non-smokers. However, SLPI showed a clear surplus compared to AnxA2 in smokers vs. non-smokers whereas AnxA2 vs. SLPI showed a significant surplus in cases tested HPV-positive when compared to HPV-negative cases (1) (2) (3) . Previous ex vivo data showed that SLPI expression in clinically healthy mucosa of the lower turbinates can be increased by incubation with nicotine (2) . Additionally, in vitro studies showed that the cell entry of HPV is hindered when AnxA2 is blocked by SLPI in a cell culture model utilizing a cervix cancer cell line (4) .
The hypothesis presented below is plausible and, may explain why non-smokers predominantly developing HPV-driven tumours whereas smokers suffer from, in terms of survival, less favourable HPV-negative tumours. Smoking induces a surplus of SLPI vs. AnxA2 in the mucosa of the head and neck, blocking AnxA2 as ligand for a successful HPV infection. Non-smoking individuals show an even amount of SLPI and AnxA2 or more likely even show a surplus of AnxA2 vs. SLPI, thus, giving HPV access to the ligand AnxA2 consecutively leading to cell entry and successful 3) . The results, with only a few exceptions, were statistical significant. In this context, however, it is noteworthy that it is assumed that an HPV infection occurs prior to carcinogenesis, i.e., in neoplasm-free mucosa of the upper aerodigestive tract. Since specifically TSCC are driven by HPV-infections (5,6) with HPV prevalence rates in this tumour entity of 30% to even 90% (7) of cases dependent on the geographical region the patients reside in (6, 8) , the neoplasm-free tissue of the tonsils is of interest to test the described hypothesis. Therefore, in the present study for the first time worldwide to the best of our knowledge, tissue specimens derived from 214 neoplasm-free palatine tonsils were tested for HPV-and p16
SLPI and AnxA2 expression in neoplasm-

INK4A
-status, expression of SLPI and AnxA2, respectively, and the results were correlated with the smoking habit of the patients.
Patients and methods
Patients and sample preparation. Nucleic acid extraction, HPV-detection, cDNA synthesis and qPCR. From the retrospective FFPE material (n=150) DNA and RNA samples were simultaneously extracted from 4-6 consecutive 10 µm sections using an ExpressArt Mag FFPE RNA+DNA ready kit (AmpTec GmbH, Hamburg, Germany) according to the manufacturer's protocol. For DNA-and RNA extraction of the prospectively collected fresh-frozen material (n= 64) 25 mg tissue was homogenized using a Precellys homogenizer (PeqLab, Erlangen, Germany) and the 1.4/2.8 mm Ceramic kits in the presence of the AllPrep puffer (Qiagen, Hilden, Germany). DNA and RNA were then simultaneously isolated using the Allprep kit according to the manufacturer's protocol. Nucleic acid quantity and quality was analyzed using the Nanodrop 1000 (PeqLab) and the Tapestation 2200 (Agilent, Böblingen, Germany), respectively. HPV-DNA detection was performed by PCR using the primers GP5+/GP6+, as described previously (9) . RNA (200 ng) was transcribed into cDNA using the TR cDNA synthesis kit (AmpTec GmbH). qPCR was performed as described previously (10) . Primers for SLPI and AnxA2 were designed and used as described elsewhere (2) . Primers for the housekeeping genes 18S rRNA, β-actin and b-2-microglobulin (B2M) were purchased from Promolgene (Berlin, Germany) and used according to the manufacturer's protocol. DNA integrity was analyzed using genomic B2M primers (Promolgene) and used according to the manufacturer's protocol.
Immunohistochemistry for SLPI and p16
INK4A. Paraffinembedded tissue specimens were cut (4 µm) and stained with hematoxylin and eosin to detect tonsillar crypts. Areas containing such crypts were subjected to punch biopsies (2 mm in diameter) and were further processed for tissue microarray analysis (TMA) according to Kononen and co-workers (11) . Immunohistochemical staining for SLPI and p16
INK4A expression was performed as described previously (12, 13) . In brief: to assess SLPI and p16
INK4A protein levels the entire biopsies were analyzed (magnification, x200). The percentage of positive epithelial cells of the tonsillar crypts was determined and cases were assigned to one of the categories: negative <5%, weak 5-30%, moderate 31-75% and strong >75% of the cells were stained.
Statistical analysis. Immunohistochemical data were analyzed using two-sided Fisher's exact test (SPSS 20.0 software; IBM SPSS, Armonk, NY, USA). qPCR data were analyzed according to the ΔΔCq method (14) using the mean Ct value of the housekeeping genes. Fold changes of the expression levels were calculated as described previously (14) and the obtained values were used for statistical analysis (SPSS 20.0 software). Fisher's exact test was performed relating SLPI and p16
INK4A protein expression to HPV-positivity and smoking habit. P<0.05 was considered statistically significant for all tests performed.
Results
Patient characteristics. Patient characteristics, i.e., age, sex, diagnosis and smoking habit, are given in Table I . Patients diagnosed with hyperplasia were significantly younger than those with chronic tonsillitis. In addition, the data presented show a significant correlation between smoking habit and diagnosis. Stratifying the data for an age cut-off of 18 years (the legal age to consume tobacco in Germany) revealed that the correlation between smoking habit and diagnosis was solely due to the large amount of non-smoking patients diagnosed with hyperplasia and who were <18 years (n=93 patients, representing 43.5% of the study population and 56.0% of the non-smoking patients). Table I . Patient characteristics, i.e., sex, age and smoking habit, are shown for the entire cohort and divided into retrospectively and prospectively collected samples.
Entire cohort (n=214)
Retrospective (n=150) Prospective (n=64) Gene expression of SLPI and AnxA2. Patients with chronic tonsillitis had a significantly higher SLPI gene expression levels than patients with hyperplasia (2.6-fold higher in the entire population; 2.01-fold in the fresh frozen and 2.6-fold in the FFPE samples). Similar results were obtained when analyzing AnxA2 gene expression. In the entire cohort, patients with chronic tonsillitis had 2.21-fold more AnxA2 than patients with hyperplasia. In the fresh-frozen material AnxA2 was 2.48-fold higher and in the FFPE samples 2.39-times more AnxA2 was measured. The effect of smoking on SLPI and AnxA2 gene expression was then analyzed. As shown in Fig. 1A smoking resulted in significant increases in SLPI and AnxA2 gene expression. This increase was evident, not only when analyzing all samples but also when stratifying for diagnosis (Fig. 1A) and when stratifying for sample material and diagnosis (Fig. 1B) . Of note, consistent results for SLPI-and AnxA2 gene expression levels were obtained when analyzing fresh frozen and FFPE material separately and stratified these for diagnosis. The observed effects were more pronounced for SLPI than for AnxA2 gene expression. However, due to the relatively small amount of patients reporting a smoking habit, in particular in the group of patients with hyperplasia (only 1 smoker), the results need to be interpreted with caution.
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Patient
To determine the association between SLPI and AnxA2 gene expression, the fold change of AnxA2 gene expression in relation to SLPI gene expression was calculated (Fig. 2) . Again consistent results were obtained analyzing either all samples, all samples stratified for chronic tonsillitis or hyperplasia or analyzing the fresh-frozen and FFPE material separately and these were stratified for diagnosis. In all non-smoking patients AnxA2 gene expression was significantly higher than the SLPI gene expression. This was not the case in the group of patients reporting a smoking habit, where AnxA2 and SLPI gene expression were nearly equal (fold change levels <2).
Protein expression of SLPI. To corroborate SLPI gene expression by protein level expression of SLPI protein was measured by means of immunohistochemistry. The data were correlated with diagnosis and smoking habit of the patients. Overall none of the samples showed strong SLPI-expression (>75% of the epithelial cells of the tonsillar crypts being SLPI-positive) and the majority of the samples were classified as SLPI-negative (<5% of the epithelial cells of the tonsillar crypts being SLPI-positive). Nonetheless, the number of tissue specimens classified as weak or moderate was higher in the group of patients diagnosed with chronic tonsillitis than in the group of patients diagnosed with hyperplasia. This was true when analyzing the entire cohort and the retrospectively and prospectively samples separately, with the exception that, possible due to the smaller sample size, no significant differences were seen in the prospective samples. Correlation of SLPI protein expression with smoking habit showed in all groups that SLPI negativity was correlated with a negative smoking behavior. However, again due to the extremely small number of patients reporting a smoking habit, especially in the group of patients with hyperplasia (n=1) these data need to be interpreted with caution (Table II) . Table III. p16 INK4A -expression showed negative, weak, and moderate reaction in a so-called patchy pattern in 20 (9.3%), 156 (72.9%), and 38 (17.8%) cases. There was neither strong (>75% of cells positive) nor continuous immunostaining of basal keratinocytes. In addition, p16
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INK4A expression was correlated with diagnosis (Table III) . No significant correlation between protein expression and diagnosis was found.
Discussion
The results of this unique study investigating 214 tissue specimens derived from patients with tonsillar hyperplasia (n=96) or chronic tonsillitis (n=118) reveal that also in non-malignant tissue specimens of the tonsils there is a significant correlation between the patients' smoking habit and the expression levels of AnxA2 and SLPI, both showing significantly higher expression levels in smokers in comparison to non-smokers. These results were confirmed for SLPI on the protein level, showing that SLPI negativity is associated with a negative smoking history which holds true in all groups investigated. The additional findings regarding gene expression levels demonstrate that within the group of non-smokers AnxA2 shows a significant surplus when compared to SLPI whereas this ratio is approximately even in smokers. These findings corroborate the results shown for malignant tissue specimens derived from head and neck cancers as published, previously (1-3) . Thus, the data of the present study are in line with our hypothesis described earlier in the present study as well as in previous studies (1-3) , namely that both, AnxA2 and SLPI, may play a role in the mode of infection with human papillomaviruses in head and neck (HNSCC) and specifically tonsillar squamous cell carcinomas (TSCC) (1-3) .
The described statistical significance regarding the correlation of AnxA2, SLPI, and smoking habit can be seen only in tests for trend for one single result when the entire study population is analysed and, however, for some results in the subgroup analysis (Tables I-III) . The latter is due to the fact that the study included tonsillectomy patients who were previously diagnosed with tonsillar hyperplasia. As expected this specific subgroup of patients with tonsillar hyperplasia predominantly comprises children (median age, 4.6 years) with no smoking history leading to a significant imbalance between the subgroups chronic tonsillitis (median age, 23.5 years) and tonsillar hyperplasia when data are correlated with smoking habit. The authors, however, were aware of this fact ahead of the study and the reason for including cases with tonsillar hyperplasia was that SLPI is also involved in inflammation (15) present in chronic tonsillitis. To rule out such an inflammation caused bias, data of at least less inflamed tissue was needed, namely that of patients (children) with tonsillar hyperplasia not showing high-grade signs of inflammation. Against this backdrop and despite the small case numbers among the various subgroups it is, noteworthy that the majority of results specifically for gene expression analysis very clearly show statistical significance and this even in the subgroup of tonsillar hyperplasia, however, less significant than in the group of chronic tonsillitis.
Somewhat unexpected is the absence of any HPV-DNA in the tonsillar tissue analysed in the present study. Since in the literature a very low but still present HPV detection rate was described (16) (17) (18) , it was assumed that at least two to four of these 214 cases would carry HPV-DNA, enough to further analyse the basic hypothesis of this study. In this context it is notable that the rate of HPV-DNA-positivity in oral rinses is reported to be approximately 7% (19) and it now remains to be clarified which tissue harbours the HPV-DNA detected in oral gargle, when the tonsillar tissue is not. Palmer and co-workers reported on 0% HPV-positivity in non-malignant tonsillar tissue among a study population of less than 3,300 patients in the UK (20) . The latter and our data question as already discussed by Franceschi and co-workers (18) whether or not the absence of HPV-DNA in non-neoplastic tonsillar tissue justifies invasive detection methods to detect HPV-infections in healthy individuals to identify precancerous lesions and possibly prevent carcinogenesis.
The immunohistochemical results for p16 INK4A excluded any early HPV-induced (premalignant) neoplasia. Table III shows that the vast majority of cases show weak staining whereas negativity or moderate staining occurs in approximately 10 and 20%, respectively. The slightly higher expression pattern in chronic tonsillitis when compared to tonsillar hyperplasia can most likely also be attributed to inflammation processes in cases with chronic tonsillitis. Another possible explanation for the slightly, albeit not significant, higher p16
INK4A expression pattern in patients with chronic tonsillitis may be due to the smoking habit of these patients since among the patients with chronic tonsillitis the proportion of smokers was significantly higher than in the group of patients with tonsillar hyperplasia. Since p16 INK4A is frequently used as a surrogate marker for HPV infection this observation is in agreement with the finding that HPV-induced HNSCC are often attributed to a negative smoking history of the patients (21) .
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In conclusion, despite the lack of an HPV-positive case the data shown in the present study are in agreement with previous studies regarding the correlation between SLPI-and AnxA2-expression and smoking habit of the patients. Smoking results in higher SLPI as well as AnxA2 expression with an even distribution of both parameters in smoking individuals whereas in non-smoking patients there is a significant surplus of AnxA2 in comparison to SLPI. Previous findings suggest that a surplus of AnxA2 in the mucosa increases the susceptibility of HPV infections while a surplus of SLPI seems to hinder successful HPV entry into the cells since SLPI blocks AnxA2 for HPV interaction. Despite the fact that HPV detection in non-malignant tonsillar tissue specimens identifies only very small numbers of HPV-positive cases, the results of the present study encourage further investigation of the basic hypothesis regarding SLPI-, AnxA2-expression, smoking habit and HPV status. Further knowledge regarding the mode of HPV cell entry may, not only contribute to the understanding of HPV infection and oncogenesis in head and neck cancer, but also contribute to the understanding of other virus infections with malignant potential such as EBV infections.
